We report the study of the temperature dependance of the performance electronic parameters of an N-P solar cell by considering as model, the columnar cylindrical orientation associated to the dynamic junction velocity (SF) concept. We presented the photocurrent-photovoltage (I-V) and Power-photovoltage (P-V) characteristic curves. The short-circuit photocurrent (I sc ), the open circuit photovoltage (U oc ), the fill factor (FF) and the efficiency (η) are linearly dependent on the temperature. The temperature coefficients (T-coefficient) relative to the short-circuit, open-circuit photovoltage and efficiency are calculated and the comparison with data from the literature showed the accuracy of the considered model.
Smart Grid and Renewable Energy technologies and the photovoltaic industries development, the solar energy is more and more used, in all different areas of life. Solar energy is then considered as the energy of the future due to its properties: low maintenance cost, high reliability, eco-friendly, renewable and low-carbon resources [3] .
However, there are some limitations to increasing the efficiency of solar cells and photovoltaics modules. These limitations are mainly due to the recombination phenomena [1] [4] [5] [6] [7] [8], the ohmic losses [9] , the type of semi-conductors [9] , the tracking angle [3] [10], the manufacturing technologies and process [1] and the environmental conditions [3] [9] [11] which include the light intensity, the temperature, the wind, the dust, the humidity, the ultraviolet rays, the shading, the seasonal variations, the latitude, the cloudiness, the air pollution, the albedo of earth, the rain, the breeze, the tilt angle, etc.
Many authors, using different methods, have studied the temperature effect on the solar cell due to sunlight exposure and the effect of absorption [3] [11] .
These works show that the solar cell parameters like the open circuit voltage, the maximum power, the fill factor, the efficiency, the shunt resistance [12] and the energy band gap are found decreasing with cell temperature while the short-circuit current density, the reverse saturation current density, the series resistance [12] and the diode ideality factor [12] are observed to increase with temperature. Some authors have also studied the temperature effects on the solar cell or on the solar photovoltaic system (SPV) determining the temperature coefficients of the open circuit voltage, the maximum power, the fill factor, the efficiency and the short-circuit current density [12] .
One can note Priyanka et al.'s work [9] which analyzed of the temperature dependence of solar cell performance. They consider semiconductor materials such as Ge, Si, GaAs, InP, CdTe and CdS and calculate the rate of change of the performance parameters of these solar cells. F. Ghani et al. [12] collected the current-voltage data from a mono-crystalline silicon cell at constant irradiance but and at temperatures within the range of 25˚C and 70˚C. They calculated the photo-generated current and reverse saturation current densities, the series and shunt resistances and the diode ideality factor using a unique numerical approach which takes into consideration several points taken from the experimental current-voltage data. They found that all these five modeling parameters were influenced by temperature, with the reverse saturation current followed by the series and shunt resistances being affected most significantly [12] . Impact of temperature on performance of series and parallel connected mono-crystalline silicon solar cells was studied by Subhash Chander et al. [3] . They proved that all performance parameters of solar cell, without short-circuit current density, decrease with temperature.
Using the Performance Ratio as a grading technic, the temperature influence on the roof-top photovoltaic system which is set up on the library roof-top in Indian Institute of Science, Bangalore, India, is studied [11] . The significant findings of this work are that the temperature is a key factor related to the effi- Ultimately, we have noted through the literature that temperature plays an important role in the performance of photovoltaic systems but works which consider the temperature effects of the solar cell constituted of cylindrical columnar grains were not produced yet [13] [14] . Therefore, to bridge this gap, we undertaken a study on an N-P polycristalline silicon solar cell considering the columnar cylindrical grains orientation. Hence, considering the back-side surface recombination velocity (Sb) and the dynamic junction velocity (SF) [5] , we determine the temperature effect on the performance of the current-voltage density characteristic, the open circuit voltage, the fill factor, the efficiency and the short circuit current density of the considered solar cell. Additionally, we studied the temperature coefficients (T-coefficients) of these parameters. When the solar cell is illuminated, there is creation of electron-hole pairs in the base [1] . Using the cylindrical coordinates and considering that the emitter is a dead zone [8] , we determine the carriers concentration in the excess minority carriers' density equation in the base that is written as:
Materials and Methods
We assume that in our model, the intragrain material is homogeneous and the doping level in each region is assumed to be uniform, hence no electric field in the top or the base region. This leads to azimuthal symmetry and the number of independent coordinates reduces to two, namely, rand z, using the conventional cylindrical coordinate system. Therefore the continuity equation becomes:
with:
: excess minority carrier's density;
( ) L T is the electron diffusion length in the base;
( ) D T is the electron diffusion coefficient in the base. Its specifications are given in [15] and expressed as:
τ is the lifetime;
is the coefficient mobility [16] for electrons, given as:
q is the elementary charge of an electron;
( ) G z is the electron-hole pairs generation expressed as [17] :
The coefficient α denotes the absorption of light for wavelength λ ; and 0 I is the incident photon flux [18] .
While proceeding by the separation method of the variables used by [19] , we can set: The general solution of the excess minority carriers density is then given by:
Coefficients k A and k K are obtained from the boundaries conditions of the solar cell:
• at the junction (z = 0) [6] [8]:
• at the back side of the solar cell [6] [8]:
• at the grain boundary (r = R) [13] [14]:
In Equation (9), as shown by [5] 
Results and Discussions
In Figure 2 On the other hand, our model could be used to determine the shunt (R sh ) of the solar cell. It can be also applied using characterization methods to determine the real back-side surface recombination (Sb) [21] and the effective diffusion length (L eff ) [22] . These techniques are valid in short-circuit open circuit operating condition.
The current-voltage (I-V) and power-voltage (P-V) characteristic curve are presented in Figure 3 and Figure 4 for various solar cell's temperature values taking: 298 K, 310 K, 320 K and 330 K. It is noted in Figure 3 that, with the temperature increasing, the short-circuit photocurrent (I sc ) and the photo voltage (V oc ) increases and decreases, respectively as shown in [23] . Figure 4 shows that, the Power-Photovoltage (P-V) characteristics curve at different temperatures has the same behavior as the one found in [6] and can be used to determine the maximum solar cell power [6] and the "knee" of characteristic I-V curve as shown in [6] .
The temperature dependence of the performance parameters of polycrystalline silicon solar cell is considered. We presented the open circuit photovoltage (V oc ), the fill factor (FF) and the short circuit photocurrent (I cc ) variations with the cell temperature in Figures 5-7 , respectively.
In Figure 5 and Figure 6 , we presented V oc -T, I cc -T and FF-T for various grain boundary recombination velocity (Sgb) and various radius (R), respectively. Figure 7 and Figure 8 present the FF-T and η-T curves, respectively, for various grain radius (R).
We notice in Figures 5-7 , that the open circuit voltage is observed to decrease slightly with cell temperature and Sgb. But fill factor decreases very softly with cell temperature and increases when the radius (R) increases while the short-circuit current is found to increase with cell temperature [24] .
It is obvious that the solar cell temperature plays a key role in the solar cell performance as shown in [23] . This is explained by the fact that, solar cell temperature variation affects the bandgap (E g ), the reverse saturation current (I 0 ), the ideality factor (n), the parasitic resistance which are the shunt (R sh ) and the series resistance (R s ). Indeed, it is shown that [9] , the higher the bandgap, the lower will be the saturation current density. The saturation current density (I 0 ), Smart Grid and Renewable Energy which corresponds to recombination in neutral regions, increases with increasing temperature whereas it decreases with increasing bandgap. I 0 is the most heavily affected parameter when the temperature varies [12] .
The decrease in bandgap with increasing temperature, observed on several semi-conductors, results in an increase of the reverse saturation current. These decrease due to additional thermally generated electrons in the conductivity band and the holes in the valence band; which leads to lower open-circuit operating point (V oc ).
Some authors have also shown that, increasing the solar cell temperature increases the intrinsic concentration, n i and decreases the contact potential difference (ddp). As, the open circuit voltage (V oc ) is proportional to the ddp, it decreases as shown in [25] .
The short-circuit current (I sc ) is proportional to the number of generated charge carriers and mobility as well as it depends strongly on the generation rate and the diffusion length. The diffusion length depends on the product of the carrier lifetime and excess minority carrier mobility which is more sensitive to the temperature variation. The excess minority carrier mobility which determines diffusion length evolution with the temperature is linked to the lattice scattering, ionized acceptor and donor impurities scattering and electron-hole scattering. Hence the total excess minority carriers mobility is determined considering the minority electron mobility limited by lattice, acceptor, donor and hole. But it is shown [23] that for our considered solar cell, due to the predominance of the lattice scattering mechanism, the excess minority carriers mobility limited by lattice (μ L ) decreases very sharply with temperature leading both increase of photons and the short-circuit current. Moreover, it is also noted that the rate of generation of charge carrier increases with cell temperature leading to an increment of the short circuit current as shown in [26] . In other words, increasing of temperature leads to the reduction of band gap, permitting additional photons to penetrate in solar cell base and generate excess minority carriers. By plotting the FF-T and η-T curves, we remarked that the Fill Factor (FF) and efficiency (η) decrease with the increase of the temperature as shown in [12] due to change in corresponding open circuit voltage and short circuit current.
The FF-T is also observed to decrease in parallel combination which may be due to increase in the resistive loss and the η-T is strongly affected by the temperature in accordance to the nominal operative cell temperature and the typical operating temperature for solar cells is about 330 K which also depends on manufacturer specifications. A significant efficiency loss is observed with increasing cell temperature over the nominal operative cell temperature range which revealed the linear power loss with the temperature. The decrease of these two parameters is mainly controlled by the decrease of V oc and the increase of the I sc .
The increase of I sc with solar cell temperature does not affect much to FF and η due to high variation of I 0 with temperature with over 270% increase from T = 25˚C to 70˚C as shown by [11] . Although, M. Shravanth Vasisht et al. [11] reported in an early work that the solar cell temperature and ambient temperature majorly influence the Performance Ratio (PR) when they studied a 20 kWp solar Photovoltaic system seted up on the library roof-top in Indian Institute of Science, Bangalore, India. They also showed that η(63˚) < η(46˚) < η i (STC) with η the efficiency of the SPV and STC, the standard test condition.
We plotted in Figures 9-11 the temperature coefficient (T-coefficients) of short circuit photocurrent, open circuit photovoltage and efficiency versus temperature, respectively. Indeed, Figure 9 showed that the temperature coefficient of short-circuit photocurrent increases with the temperature of the solar cell 
Conclusion
In summary, we have investigated the impact of temperature on the perfor- 
